Mitragyna speciosa Korth (MS) leaves are popularly used in Thailand and Malaysia. The leaves are used as a medicinal agent for treating diarrhea, worm infestations and acts as an analgesic and antipyretic agents. The present study investigated the acute toxicity of standardized MS leaf aqueous extract on Sprague Dawley rats at 175, 500 and 2000 mg/kg body weight. Dose selection was based on the Up-and-down procedure (OECD 425). No death was observed. The single oral dose of the extract also had no significant changes in the body weight, food and water consumption. The relative weights of the internal organs were also normal. However, the mean corpuscular hemoglobin concentration, albumin, calcium and cholesterol were significantly decreased. Histological examination showed steatosis and centrilobular necrosis only on several parts of the liver for the treated group. In short, the standardized MS aqueous extract did not cause any lethality and only caused slight toxic effects.
speciosa Korth on human cell caused cytotoxic dependent dose effect which prevents profileration in all examined cells at concentration more than 100 µg/ml with substantial cell death at more than 1000 µg/ml on adherent HEK 293 and SH-SY5Y cells (Saidin & Gooderham, 2007) . Notwithstanding the widespread use of MS in traditional medicine, there is still insufficient data about its toxicity. Therefore, the aim of the present study was to evaluate and document the acute toxic effects of the standardized MS aqueous extract in Sprague Dawley rats.
Methodology

Test Article and Standardization
Test article was supplied by the Toxicology and Pharmacology Unit at the Herbal Medicinal Research Center, Kuala Lumpur, Malaysia. MS leaves were collected at Berjuntai Bestari, Selangor, Malaysia. A sample of test article, MS (Voucher No: RM 0108) was received and stored at the Institute of Medical Research (IMR), Kuala Lumpur, Malaysia. Leaves were extracted using aqueous extraction (Houghton & Raman, 1998) . The standardization of Mitragyna speciosa Korth aqueous extract was confirmed by using gas chromatography-mass spectrometer machine, Agilent 5973, Agilent Technologies Inc, US. Mitragynine compound was used as standard in this confirmation which is extracted from previous ketum leaves. Identity and purity extract was verified by comparison between chromatogram peak of Mitragyna speciosa Korth aqueous extract and mitragynine compound. We successfully found out that chromatogram peak of Mitragyna speciosa Korth extract has the same peak with chromatogram peak of mitrgaynine compund for mass spectrometer value. 100 g of Mitragyna speciosa Korth crude extract can produce 18±2 g Mitragyna speciosa Korth aqueous extract with 18±2 % of production percentage. The test article was stored at 4°C until further use.
Test System and Husbandry
Healthy young adult male and female Sprague Dawley (SD) rats were used in this study. At the commencement of its dose, each animal should be between 8 and 12 weeks old and its weight should fall in an interval within ± 20 % of the mean initial weight of any previously dosed animals. The animals were obtained from the Laboratory Animal Resources Unit, Medical Resource Research Center, Institute for Medical Research (IMR), Kuala Lumpur. The experimental protocol was approved by the Animal Care and Use Committee (ACUC) of IMR (ACUC/KKM/02(7/2008). They were housed one rat per cage and maintained in standard environmental conditions (22 ± 3 °C; 12:12 h dark/light cycle). All rats were fed with certified rodent food (Rodent Diet Specialty Feeds, Glen Forrest, Western Australia) and drinking water was available ad libitum. The experimental animals were acclimatized for at least 5 days before the commencement of the study and labeled appropriately.
Acute Toxicity Study
Acute oral toxicity test was carried out according to the Organization for Economic Co-operation and Development (OECD) guidelines for Testing of Chemicals Number 425 (OECD, 2001) Up-and-Down Procedure with slight modifications. The acute toxicity study comprised four groups, one control and three treatment groups that consisted of 5 male and 5 female rats in each group to make the statistical analysis more accurate. Animals were fasted prior to dosing and after the period of fasting, the animals were weighed. The dose was calculated and the test substance administered according to the fasted body weight (BW) of each animal (Table  1) . The LD50 or median lethal oral dose, which is a statistically derived single dose of a substance that can be expected to cause death in 50 per cent of animals when administered by the oral route will be determined. The LD50 value is expressed in terms of weight of test substance per unit weight of test animal (mg/kg). Dosing for this study was initiated at 175 mg/kg because there was no estimate of the substance's lethality available. The first animal group was dosed a step below the best preliminary estimate of the LD50 which was 175 mg/kg. This was to make sure that LD50 value could be determined correctly without more pain and suffering on rats. Because the animal in the first group survived, the second animal group received a higher dose of 500 mg/kg. The dose progressed to a maximum dose of 2000 mg/kg. A dose progression factor of 3.2 should be used in this study but the second dose at 500 mg/kg was used because it is not too high or too low as acute dose and to make dose calculation more accurate. The test article was administered orally to all rats except those in the control group. The control group received drinking water orally once, at volumes of 0.175, 0.5 and 2 ml using an intubation needle. The treatment group received standardized MS aqueous extract that was diluted in drinking water which is vehicle at doses of 175, 500 and 2000 mg/kg BW given orally once, also at volumes of 0.175, 0.5 and 2 ml using an intubation needle. All rats were observed individually for a total of 14 days, except where they had to be removed from the study and humanely killed for animal welfare reasons or were found dead. Clinical observations were made once a day for mortality, moribund, ill health or reaction to treatment.
Body Weight, Food and Water Consumption
The body weight (BW) of each rat was recorded once weekly and the differences of the BW were noted. The amount of food and water consumed was measured weekly from the quantity of food and water supplied and the amount remaining after 24 hours for 2 weeks of the study period.
Hematological and Biochemical Analysis
On the necropsy day, blood was drawn through cardiac puncture (or whenever possible) from the posterior vena cava of all rats under ether anesthesia. The blood was placed into EDTA bottles for hematological assay and in plain bottle for clinical biochemistry determination. The blood for hematological assay was immediately analyzed using a hematological analyzer (Medonic CA 620, Clinical Diagnostic Solutions Inc., U.S.A). The parameters measured were mean corpuscular hemoglobin concentration (MCHC), red blood cell (RBC), mean cell volume (MCV), red blood cell distribution (RDW), hematocrit (HCT), platelets (PLT), mean corpuscular volume (MPV), white blood cell (WBC), hemoglobin (HGB) and mean corpuscular hemoglobin (MCH). The blood in the plain bottle was allowed to stand for a minimum of 3 hours for complete clotting. The serum were collected and transferred to another tube to be centrifuged at 4000 rpm at 4°C for 10 minutes. The serums were then kept at -20°C until analysis for clinical biochemistry measurements using the Vitalab Selecta, E-series, Netherlands. Clinical Biochemistry values determination were for liver profile such as albumin, total protein, alkaline phosphatase (ALP) and alanine aminotransferase (ALT). Renal profile parameters measured were urea, creatinine and calcium. Creatinine kinase (CK) was the cardiac profile parameters and other biochemistries were glucose and amylase, cholesterol for lipid profile.
Relative Organ Weight (ROW)
All control and treatment rats were sacrificed using an overdose of ether on Day 15. A comprehensive gross observation was carried out on the internal organs namely the liver, kidney, spleen, heart, lung, ovary, adrenal and brain. They were observed for any signs of abnormality and presence of lesions. The organs were then carefully dissected, cleaned of any fats and weighed (absolute weight). The relative organ weight (ROW) of each organ was then calculated according to the following equation:
Body weight of rat on sacrifice day g
Each organ was then preserved in 10% buffered formalin for subsequent histopathological examination. The tissues were embedded in paraffin, and then sectioned, stained with haematoxylin and eosin before fixed as slices and were examined microscopically.
Statistical Analysis
All findings such as body weight changes, food and water consumption, haematology and blood chemistry were tabulated and analyzed. Data are expressed in the mean ± and standard deviation. The mean value (x) and standard deviation (SD) were calculated for each variable measured and analyzed statistically by analysis of variance (ANOVA) to determine significant differences between groups at p<0.05. The analysis and comparison were evaluated for significance at 5% (a = 0.05) (Hinton et al., 2004) .
Results
Physical Observation and Mortality
The acute toxicity study did not result in any mortality of the treated rats. Therefore, we cannot determine LD50 from the study. We can estimate that the LD50 value was higher than 2000 mg/kg. There were signs of fatigue and sleep for male rats while only a sign of fatigue was detected on female rats at the highest dose of extract. No toxic effects other than fatigue and sleep signs were observed throughout the 14 day study period. Physical observation of the test article-treated rats throughout the study indicated that none of them showed signs of toxic effects such as changes in skin and fur, eyes and mucous membrane, behavior pattern, tremors, salivation, diarrhea and coma. No mortality was also observed in any of the rats.
Body Weight, Food and Water Consumption
The body weight of the treatment and control rats were as shown in Table 2 and Table 3 respectively. There were gradual increase in body weight of the treatment and control rats. The body weight of the treatment rats were not significantly different compared to the control rats. The food and water consumption of the treatment rats were also not significantly different compared to the control rats measured throughout the study (Table 2 and Table 3 ). 
Haematological and Clinical Biochemistry
Haematology and clinical biochemistry data are presented in Table 4 and 5 respectively. Haematological values measured showed a significant decrease of MCHC level for female rats with p<0.05 in 500 mg/kg and 2000 mg/kg treatment group. Other haematology values, RBC, MCV, RDW, HCT, PLT, MPV, WBC, HGB and MCH for female rats were not significantly different as compared to the control rats. All haematological values for male rats were not significantly different also compared to the control rats and they remained within the normal limits (control values). All clinical biochemistry values of female rats were also not significantly different as compared to the control rats and they remained within normal limits (control values). However, the clinical biochemistry values of albumin, calcium and cholesterol decreased in the 175 mg/kg treatment group for male rats as compared to the control rats, with p<0.05 ( were not significantly different compared to the control. Group given 175 mg/kg, 500 mg/kg and 2000 mg/kg BW of standardized MS aqueous extract single dose orally and observed for 14 days. Values are expressed as mean ± standard deviation, n = 5. *p value less than 0.05, (p< 0.05): significant value, ALP; alkaline phosphatase, ALT; alanine aminotransferase, CK; creatinine kinase.
Gross Necropsy
Gross necropsy findings did not reveal significant changes in any of the organs examined. The relative organ weight per 100 g body weight recorded at the end of the study did not also show any significant difference as 
Histopathology
Histopathology results showed that standardized MS aqueous extract caused steatosis (ST) in all treatment groups for both female and male rats at several parts of the liver tissue only. Microscopic examination also showed centrilobular necrosis sign (NC) in 2000 mg/kg treatment group of male rats only. However, there were no significant morphological changes detected in other organs in all animal samples from all groups of study including renal tubules even though biochemical data for male rats also showed the significant changes of calcium level (Figure 1 ).
Discussion
Rural communities in Malaysia commonly use herbs as food and traditional medicine (Zakaria & Mohd, 2010) . MS aqueous extract has been used traditionally by some parts of the population as an alternative treatment for many diseases, especially to relieve drug addictions. Scientific evidence for their efficacy is widely studied but systemic safety studies are lacking. Therefore it is essential to evaluate the toxicity of the standardized MS aqueous extract in animals to ensure its safety. In the present study, both genders of rats were used to assess MS acute toxic effects. Female rats were chosen because it was the most sensitive sex to see the effect of treatment (OECD, 2001; Lipnick et al., 1995) . If the study involves male rats, there must be enough justification for the use (OECD, 2001) . Male rats have greater metabolic capacity than female rats such as different activities of metabolism enzymes in liver, which often leads to sex-related differences in toxicity. Male rats also have physiological differences such as alpha2-microglobulin excretion which is not occurred on female rats (Woolley, 2003) . There are major different between individuals in reaction on chemical materials because of genetic polymorphism (Eaton & Klaassen, 2003) . The importance of sex-related differences on the toxic effect of MS aqueous extract is the reason why we also chose male rats in this study.
Rats, given standardized MS aqueous extract at dose 175, 500 and 2000 mg/kg, showed no mortality and there were signs of fatigue and sleep for male rats while only a sign of fatigue on female rats in the treatment group of 2000 mg/kg only. The sign of fatigue occurred could be due to interference of toxicants with the passage of electrical impulses down the axon. In this study, standardized MS aqueous extract interfere with the passage of sensory, motor and also integrative impulses (Stine & Brown, 2006) . However there is no information so far that can explain why standardized MS aqueous extract can cause sleepiness and maybe fatigue sign can cause sleepiness in the present study. No other toxicity symptoms could be produced by other rats. From a previous study, mitragynine (MS major biocompound) showed no evidence of tremors and convulsions in mice given at doses as high as 920 mg/kg BW (Jansen & Prast, 1988) . According to the OECD 425 test guidelines (OECD, 2001), the author not chose any dose between 500 mg/kg and 2000 mg/kg doses because of there is no other dose selection between 500 mg/kg and 2000 mg/kgdoses. However, if the dosage is increased in certain increments, data collection would be more informative based on the data collection in the present study.
The standardized MS aqueous extract did not affect the body weight, amount of food taken and water intake of the treatment rats significantly when compared to the control rats for both sexes (Table 2 and Table 3 ). These results were the same as findings from acute toxicity study of the standardized methanolic extract of Mitragyna speciosa Korth in rats (Harizal et al., 2010) . The increase in body weight of all groups weekly were considered normal and gradual as observed in SD rats of a similar age group in our previous studies and also other published reference (Giknis & Clifford, 2006) . The increase in body weight was in line with the increased food consumed by female rats but water intake gradually decreased in all treatment groups. In contrast, the increase in body weight for male rats was not in line with the amount of food as the values for all groups decreased gradually. The water intake value was also decreased except for the treatment groups at 175 mg/kg and 500 mg/kg. The patterns of food consumed and water intake for both sexes were not same especially for water intake value which decreased in almost all of the treatment groups. Even though inhibitory patterns of the MS extract on food and water intakes were similar, their mechanism was shown to be dissociated from each other (Kumarnsit et al., 2006) . This explains why the different pattern of food consumed and water intake occured. Utilization of food and water exhibited normal metabolism in the animals (Mukinda & Syce, 2007) and this suggested that the single oral dose of standardized MS aqueous extract did not retard the growth of rats. The increment of body weight for treatment group can considered as normal when compared to control group.
Haematological parameters, MCHC for female rats at concentrations of 500 mg/kg and 2000 mg/kg were found to be significantly decreased compared to the control rats as presented in Table 4 . This may result in hypochromic (hypochromia) disease because red blood cells cannot contain increased haemoglobin (Suckow et al., 2006) . The immature red blood cells (include reticulocytes) are larger than red blood cells, and contain less haemoglobin in treatment group which altered parameters associated with cell size including decreased MCHC (Nancy, 2004) . The other haematology parameters for female rats were not significantly different compared to male rats. In biochemical parameters as shown in Table 5 , the values for all treatment rats remained normal for female rats but not for male rats. Albumin, calcium and cholesterol serum levels in male rats showed a www.ccsenet.org/jps Journal of Plant Studies Vol. 1, No. 2; significant decrease for the treatment group at 175 mg/kg. The decrease of albumin and cholesterol level showed that standardized MS aqueous extract at 175 mg/kg can reduce albumin and cholesterol production in liver or damage ALB gene which is encode albumin protein (Vasudevan et al., 2011; Choy, 2001) . Electrolyte disturbance caused by standardized MS aqueous extract at 175 mg/kg also influenced by low albumin level in serum (Vasudevan et al., 2011) . Only at 175 mg/kg, standardized MS aqueous extract has enough molecule to interact with other biochemical molecule and finally decreased albumin, calcium and cholesterol production.
Other standardized MS aqueous extract concentrations cannot decreased albumin, calcium and cholesterol level too low because of too many molecules which cannot produce good interaction with other biochemical molecule to decreased the level too much (Eaton & Klaassen, 2003) . These correlations may lead to the possibility that at a lower dose, standardized MS aqueous extract has potential as a hepaprotective, anti-calcium and anti-cholesterol agent. Hepaprotectiveeffect also can be supported by the lowest value of ALP and ALT for the treatment group at 175 mg/kg which are the indicator of liver damage. However, the present study cannot run AST test due to insufficient reagent for this parameter. Further study needs to be done for these findings as we will confirm these abnormal findings during the subacute toxicity study. Tetany or the risk of changes of excitability of excitable cell was not observed because of author not saw the symptoms happened and the level of calcium is not too low compared to control group to excitable the cell. Gross pathological examination of the treatment groups did not reveal any abnormalities, presence of lesions or changes in the colour of the internal organs and the relative organ weight was not significantly different from the control group as shown in Table 6 . The relative weight was more indicative of toxicity than absolute weight (Demma et al., 2006) , which was further supported by significant biochemical findings and noticeable effect on gross and histological evaluation conducted in the treatment groups. In contrast, the relative weight results which were not significantly different from the control group in our study can be supported by other study parameters.
Standardized MS aqueous extract did not significantly alter the morphology of all organ tissues except the liver. Histological examination of the standardized MS aqueous extract treated samples of liver stained with hematoxylene and eosin (H & E) revealed some abnormal morphology characteristics. Figure 1 shows that standardized MS aqueous extract in all treatment groups for both sexes has steatosis on several parts in the liver. Steatosis sign was related to cholesterol level in biochemical parameters as all the treatment groups showed less values compared to control rats except for female rats at 175 mg/kg of standardized MS aqueous extract. This might be due to lipid accumulation in several parts of the liver for the treatment group instead of the blood which lowers cholesterol level. The level of steatosis is too low because it is not present for the whole organ. At only 2000 mg/kg of standardized MS aqueous extract dose in male rats, histopathology results showed centrilobular necrosis on several parts of the liver. A study conducted in the rats treated with morphine revealed necrosis, hemorrhage, sinusoidal dilatation, apoptotic body, congestion and hydrophic degeneration (Harizal et al., 2010) . Morphine induced a marked decrease in the rat hepatocytes and resulted in cell death (Nogamatsu et al., 1986) . The same effects are also seen in the samples from the group with the highest dose of standardized MS aqueous extract. Authors check with veterinarian and histopathology book as guidance for diagnosis of steatosis and centrilobular necrosis morphological criteria. Fatty liveror steatosiswas not proven by special staining because we don't have enough money allocation to buy special staining to prove the fatty liver.
Conclusions
In conclusion, the acute oral administration of standardized MS aqueous extract to Sprague Dawley rats did not cause any death with only two toxic symptoms at the highest dose and no significant changes in the body weight, food and water consumption. Standardized MS aqueous extract did not induce significant alterations in almost all biochemical, haematological and morphological parameters in Sprague Dawley rats with only several parts of the liver showing toxic signs. However, the decrease in MCHC, albumin, calcium and cholesterol serum levels may indicate that standardized MS aqueous extract has potential to lead to anaemia and as a hepatoprotective, anti-calcium and anti-cholesterol agent in the future.
